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1.0 INTRODUCTION

Under contract F19628-84-COO11 with the Air Force Geophysics Laboratory

(AFGL), Boston College supports the design, construction, maintenance and

operation of a network of state of the art geophysical measurement systems. This

report presents system level programming of the analog to digital converter for

one element of one such system, the Vibro-Acoustic Measurement System (VAilS)

"slave unit" (1). The application of the work to VAMS data acquisition has

resulted in a flexible, readily utilized, interactive software package that

obtains, controls and processes seismo-acoustic observations. The software

includes calibration and recording procedures for sampling 16 channels of data

subject to conditions specified by the operator. The Appendix lists a copy of

this interactive program written in Digital's Macro-li Version 5.03b assembly

" language. The program has been installed and tested on Digital's RT-1i Version

5.2 operating system.

1.1 Functions - For VANS the GMAD-4A accesses an LSI-11/23 micro computer

through a DRV-11B direct memory interface unit that is capable of 250K, 16 bit

word transfers per second. The Preston Scientific GMAD-4A is a 16 channel, 15

bit (including sign bit) A/D conversion system. The GMAD-4A has a maximum 16

channel conversion rate of 80 KHz and a full recording scale of plus/minus 10

volts. The system has been supplied with an optional 4K internal FIFO memory

buffer.

(1) The AFGL Vibro-Acoustic Measurement System, by H.E. Michel, AIAA PAPER

85-7014, AIAA Shuttle Environment and Operations II Conference, Houston,

Texas, November 1985.



. MA

.* To operate the Preston Scientific A/D converter, command words are sent in a

Direct Memory Access (DMA) sequence from the host computer. When DMA operations

are completed, the programmer may strobe data out of the A/D convertel's FIFO

memory. Transfet direction, number of words to transfer, and DMA operations are

accomplished by the DRVIl-B.

System programming examples are presented in a logical, well-documented

order. Programmers may follow this sequence of steps to write code in a high

level language.

. . . . .. . ...



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.

'..

.

4,

.4'. ,e.¢.,'. ., ... '¢ 2 2 g -t¢"""-, . , -"r". ."-.",", °'--.-..' "..'- " °. ,", " .',' '.



2.0 DESCRIPTION OF THE DIGITAL EQUIPMENT CORPORATION DRV11-B

2.1 Introduction - Communication between the A/D converter and the host

computer is through the DRVII-B's Word Count Register (WCR), Bus Address Register

(BAR), Control Status Register (CSR), and the Data Input (DATI) and Data Output

(DATO) Registers. DATI and DATO Registers share the same bus address and their

transfer direction Is determined by the function bits in the Control Status

Register.

The DRV11-B physical address locations are listed in the following table.

These addresses are used for in-house testing procedures and may vary from system

to system.

ADDRESS DEVICE REGISTER

772410 Word Count Register

772412 Bus Address Register

772414 Control Status Register

772416 Data Input or Data Output Registers

124 Interrupt Vector location

2.2 Word Count Register - The Word Count Register (WCR) is the word

transfer counter. The WCR is loaded with the 2's complement of the number of

words to transfer between the host computer and the Preston Scientific A/D

Converter. Data Input (DATI) or Data Output (DATO) transfers automatically

increment the WCR by one. When the WCR increments to zero, the DRVII-B stops DMIA

transfers and generates an interrupt through vector location #124.

2.3 Bus Address Register - The Bus Address Register (BAR) contains the

first address location of data for DATI or DATO transfers. Data transfers

automatically increment the BAR to allow the DMA transfer of data to sequential
'p.

*" host memory locations.
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2.4 Control Status Register - The Control and Status Register sets

communication between the Preston A/D converter and the DRV11-B. The bit

information below defines the DRV11-B Control Word. Bit definitions are listed

from the Least Significant Bit (LSB) (bit #0) to the Most Significant Bit (MSB)

(bit #15)

* dhen applicable, the bit value of High (HI, bit=l) or Low (LO, bit=0) are

described.

MSB LSB

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BIT 0: GO BIT.

The GO bit initializes DMA transfers between the A/D converter and the host

computer. This bit is used in conjunction with Cycle Request (CYCREQ)

during DATI operations.

BIT 1: FUNCTION I BIT.

This bit is known as the FUNCTION 1 (FUNCTI) bit and determines the

handshake direction between the DRVII-B and the A/D converter. The inverted

value of this bit sets the DRV11-B Cl line (bus direction indicator).

LO: C1 = 1 ; Receive data from the A/D converter.

HI: C1 = 0 ; Send data to the Preston A/D converter.

Note: The C2 line is tied low indicating DMA transfers are in words. Once bit #1

is set LO, DATI transfers will be disabled until the Master Reset (MRESET) bit '2

Is sent.

4



BIT 2: FUNCT2 BIT.

The FUNCTION 2 bit causes a Master Reset (MRESET) on the A/D converter.

This bit clears out the current internal status of the A/D converter, clears

the Programmed Go (P6), and resets various internal programming codes. This

Is commonly referred to as the Initialize signal.

BIT 3: FUNCT3 BIT. (not available).

The FUNCTION 3 bit Is not used by the A/D converter.

BIT 7: READY.

III: indicates the DRV1L-B is ready to accept another command.

LO: indicates the A/D converter is in operation. Sending the "GO bit HI

sends READY LO.

BIT 8: CYCLE.

This bit is used to prime the DMA cycle during DATI operations.

For example, to begin data transfers from the host to the A/D

converter, send the CYCREQ and GO bits HI in the DRVII-B's CSR.

BIT II: STAT A. (ead only)

This bit is flagged by the Missed Data (MISDAT) line. STAT A is sent I

when the FIFO memory buffer has overflowed. A data buffer overflow will

cause the A/D converter to ignore ny newly converted data.

" 5
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3.0 DESCRIPTION OF THE PRESTON A/D CONVERTER CONTROL WORD

3.1 Programming Functions - The Preston Control Word (PCW) determines the

programming functions of the A/D converter. PCW is strobed into the A/D

converter during the DATI operations. Use of the PCW is demonstrated in examples

Number 1 and 2. When applicable, the bit values of HI (bit=l) or LO (bit=0) are

described.

MSB LSB

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

B:T 1: CONTROL HANDSHAKE ENABLE.

This bit is hardware set low for the DRVII-B interface.

LO: Used for systems with I set of handshake controis. (DRV11-B

interface)

HI: Used for systems with 2 sets of handshake controls, one line is

input and the other line is output.

BIT 2: SELECT CAM WRITE.

Channel Address Memory (CAM) enables the storage of digitized data in

non-sequential order (ex. 0,1,3,2,9) in the A/D converter's First In, First

Out (FIFO) memory buffer.

LO: The A/D converter will sequentially store channel data from the

First to the Last Channel Address.

HI: Indicates CAM values will be loaded in during DATI operations.

The number of CAM values entered will equal the difference between

the First and Last Channel Address plus one.

See Example Number 2 for additional help.

BIT 3: SELECT LAST CHANNEL ADDRESS.

1.0: The Last Channel Address residing in the A/D converter is used.

6



HI: The A/D converter will expect a value to be strobed in for the last

channel to be digitized.

BIT 4: SELECT FIRST CHANNEL ADDRESS.

LO: The First Channel Address residing in the AID converter is used.

HI: The A/D converter expects a value to be strobed in for the

first channel to be digitized.

* BIT 5: SELECT CLOCK DIVISOR.

The Clock Divisor is the channel to channel processing time.

LO: Indicates the A/D converter is to use the default Clock Divisor

of 62 (76 octal).

HI: Indicates the Clock Divisor will be strobed in during DATI

operations.

The conversion rate for the GMAD-4A is I MHz (10OOns. period). The counting

frequency is determined by an on-board 5 MHz crystal. The maximum

conversion rate per channel is 80 KHz. Please note the following Clock

Divisor examples for further detail.

A 80 KHz maximum conversion rate translates into a Clock Divisor having a

minimal value of 62.5.

(5 MHz)/(80 KHz) = 62.5 minimum Clock Divisor.

A 80 KHz, maximum conversion rate translates into a 16 channel A/D conver-

sion time of 200 microseconds (usec).

(16 channels)/(80 KHz) = 200 usec.

A Clock Divisor of 70 translates to a conversion rate of 71.42 K lz.

70 usec. = 5 MHz/x

x = 71.42 K-fz (Note: 71.42 KHz - 80.00 Kiz).

7



BIT 6: RUN CONDITION

Sent in conjunction with the Run Stop Only (RSO) Preston command bit #7 HI.

LO: RSO-STOP. RSO-STOP, Programmed No Go (PNG), causes the A/D

converter to wait for a RSO-RUN condition before digitizing after

all PCW inputs have been strobed into the A/D converter.

* HI: RSO-RUN. This condition, known as Programmed GO (PG), will program

the A/D converter to begin digitizing after all the PCW values have

been strobed in during DATI operations.

BIT 7: RSO CONDITION

LO: A/D converter will not digitize data until the RSO-RUN bits are

sent HI.

HI: The RSO condition is used in conjunction with bit 7 (RUN) to

control digitizing of the A/D converter.

BIT 8: SEQUENTIAL or RANDOM MODE.

LO: RANDOM MODE. Enter this condition with bit 7 LO in the PCW. This

condition requires the channel addresses for random digitizing.

This mode requires the PG condition.

HI: SEQUENTIAL MODE. This condition, entered with bit 7 HI, allows the

A/D converter to digitize data sequentially from the First Channel

Address to the Last Channel Address.

NOTE: A MRESET command will cause the A/D converter to exit this

processing mode.

BIT 9: ENABLE CA! MFMORY.

LO: Enable Channel Address Memory (CAM) programming.

HI: Bypass the CAM for normal random or sequential data digitizing.

8
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BIT 10: BURST MODE.

LO: The clock determines the channel to channel sampling rate.

HI: A group of channels (scans) will be acquired at a predetermined rate

set by the Clock Divisor.

BIT 11: EXTERNAL START SOURCE.

LO: The A/D converter will use the internal source to trigger digitizing.

HI: An external source must occur within a given time limit before

digitizing is triggered.

BIT 12: CLOCK SOURCE.

LO: The A/D converter's internal clock source will be used.

HI: The A/D convertet expects an external clock source to drive the data

acquisition process.

BIT 13: REMOTE OR LOCAL PROGRA2MMING.

Determines if programming of the Preston A/D converter (Clock Divisor, First

and Last Channel Addresses, etc.) will be programmed from the host computer

or the front panel.

LO: Program from the front panel.

HI: Program from the host.

* BIT 14: LOCAL LOCKOUT.

LO: Programming of the A/D converter may be set through the front panel

switches.

HI: The front panel has no effect on operation of the A/D converter.

Reset by power down.

BIT 15: SPECIAL MODE BIT.

LO: Required bit state.

HI: Not used.

5.9



NOTES:

To selectively process any one channel, set the Last Channel Address

equal to the First Channel Address.

4.0 DRV11-B - PRESTON A/D CONVERTER HANDSHAKING (INPUT MODE: DATI)

4.1 DATI Operations - DATI operations enable programming of the A/D

converter from the host computer. The 16 bit wotd instructions are transferred

through the DRV11-B parallel line port.

The following instructional steps demonstrate DATI programming of the A/D

converter. Examples (Ex.) are included to describe the actual programming

sequences involved. For additional help, see Example Numbet 1.

I. INITIALIZE THE DRV11-B REGISTERS:

Ex. (1) Load the WCR with the 2's complement number of words to

transfer.

(2) Load the start of the input array into BAR.

2. ASSLRE READY IS HIGH.

READY must be HI to allow DATI operations.

When READY is LO, the A/D converter will not acknowledge a CYCREO to

prime DMA operations.

Ex. Initialize the WCR to zero.

3. SEND A RESET. (optional).

A reset command (all l's) sent to the A/D converter will perform the

following functions:

(1) Return the system to input control word mode. A new control word

must be entered to start the A/D converter. This could be the RSO-RUN

condition.

(2) Leave the previously programmed A/D converter unchanged.

10
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(3) Clear the FIFO memory buffer in the AID converter.

Ex. Load a RESET into the first array location to be strobed into

the A/D converter.

4. SEND THE PCW

Send the PCW followed by the PCW values that reside in an array for DMA

transfers.

Ex. Load the PCW into the second array location.

5. SEND PCW VALUES.

The next values sent to the A/D converter correspond to the HI bits

entered in the PCW in the order of MSB to LSB.

Ex. Load the next sequence of Input array elements with the Clock

Divisor, First and Last Channel Address.

6. SEND THE DRVII-B RSO CONDITION.

NThe RSO condition sent determines how the A/D converter will begin

processing. A RSO-RUN condition will send the A/D converter into

digitizing mode after CYCREQ and GO have been strobed.

Ex. Load the last element of the input array with the desired RSO

condition.

7. SEND FUNCT1 BIT.

Sending FUNCT1 HI sets DATI transfers.

Ex. Load the DR'I 1-B CSR with the FUNCTI bit HI.

8. SEND FUNCT2 BIT.

FUNCT2 sent HI resets the PG and various lines of communication within

the A/D converter. The FUNCTI bit remains high during this stage.

Ex. (1) Load the DRVII-B CSR with the FUNCT2 bit HI.

(2) Clear the DRV11-B CSR FUNCT2 bit.

'II
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9. WAIT.

A delay time of 100 microseconds allows the A/D converter to set up the

necessary program control before digitizing data. (Digitizing begins

when the GO-CYCREQ condition is sent).

10. SEND CYCLE AND GO CONDITIONS.

The GO bit sends READY LO and allows DMA operations.

CYCLE is sent to prime the DMA transfer. The FUNCTI bit remains HI to

maintain DATI operations.

Ex. Load the DRV11-B GO and CYCREQ bits.

After the CYCREQ has been primed, the interface will enter DMA operations

under hardware control until the WCR increments to zero. The following steps

describe hardware functions.

1. THE A/D CONVERTER GENERATES A CYCREQ.

Mhen CYCREQ is asserted, input data is sent to the DATO register.

Control bits are latched into the DRVI1-B DMA control, and the DRVII-B

sends BUSY LO.

Preston's CYCREQ allows access to the LSI-11 bus.

2. DRV11-B GENERATES A BUSY.

At the end of a cycle, the DRV11-B causes the WCR and BAR to be

incremented. BUSY goes HI while READY remains LO. BUSY going active

(active LO) causes the A/D converter to negate CYCREQ and the trailing

edge of BUSY enters the indata word into the A/D converter.

3. THE A/D CONVERTER GENERATES A CYCREQ.

The A/D converter generates another CYCREO. The user is only requited

to prime the first DMA cycle.

4. REPEAT ANOTHER CYCLE.

The cycle of CYCREQ and BUSY continues until the WCR is inciemented to

zero.

12

e J -, P P .. ra ~ in . 4



5. FINISHED: WCRO.

When data transfers are complete, the DRV11-B will send READY HI, and

the WCR will have been incremented to zero.

The DRV11-B at this time will generate an interrupt.

The DRVlI-B Control/Status word will now read #202 (octal).

NOTE: If BURST MODE is selected (SINGLE CYCLE LO), only one CYCREQ is needed for

the complete transfer of the specified number of words. The DRV11-B does

not wait for a CYCREQ to return from the A/D converter but continually

strobes data in or out of memoty.

4.2 Programming Functions - Programming the Preston A/D converter is

accomplished by sending the Preston Control Word (PCW) during the DATI mode.

Send the high bits of those values being sent to the A/D converter. Starting

with the most significant bit of the PCW, enter the A/D converter programming

function values for each PCW bit entered HI. For example, to strobe in a PCW of

20470 octal (as shown in Example No. 1, the following data strobes would contain

the Clock Divisor, First Channel Address, and Last Channel Address.

413

4•

4.

S.

4.4.



4.3 Example Number 1: Initialization - Example Number 1 initializes the

Preston Scientific A/D converter using the programming capabilities of the PCW.

.TITLE INPUT

•, *EXAMPLE NUMBER 1
•* Macro-ll Assembly language example of programming the Preston Scientific *;
;* A/D converter.

N OTE: This example was written and tested on a LSI-11/23 16 bit micro-
computer. After execution of this program, data may be strobed
out of the A/D converter's FIFO memory buffer.

DEFINE SYSTEM MACROS

.MCALI .FXIT

ASSIGN INTEGER*2 MEMORY LOCATIONS.

MKMORY: .WORD 177777 ; MEMORY (1) = RESET, (octal).
.WORD 20470 ; MEMORY (2) = PCW.
.WORD 77 ; MEMORY (3) = Clock Divisor.
.WORD 0 ; MEMORY (4) = First Channel Address
.WORD 15. ; MEMORY (5) = Last Channel Address. (15 decimal)
.WORD 300 ; MEMORY (6) = RSO-RUN condition (octal).

;1 AD THE PRESTON A/D REGISTERS AND INITIATE A RSO-RUN CONDITION.

INFLT: MOV #0,,3#172410 ; Assure RDY is HI by setting the WCR to zero.
MOV 0-6,@#172410 ; Load WCR with No. of words to transfer.
MOV #MEMORY,I#172412 ; Load BAR with the start address for DMA

transfer
MOV #6,1#17,4 ; Send FUNCTI, FUNCT2 HI.
MUV i-2 ,#172414 ; Send FUNCT2 LO, maintain FUNCTI HI.
JSR PC,DELAY ; Call the 100 usec delay subroutine.
MOV #403,@172414 ; Send GO bit, cause RDY to go LO

Maintain FUNCTI HI and assuie CYCREQ
is HI (BUSY LO).

.EXIT ; Exit progiam

;IME DELAY SUBROUTINE...

DKLAY: MOV RO,-(SP) ; SAVREG...
MOV 4:100.,RO ; Set RO with a counter.
SOB RO,. ; Wait..
MOV (SP)+,RO ; RESREG...
RTS PC ; and return.

.END INPUT ; End of program.

14
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Since an RSO-RUN condition has been entered during control word input, the

A/D converter is now digitizing. Data will be stored in the FIFO memory buffer

at a rate predetermined by the Clock Divisor. The program will start converting

data when the last instruction has been strobed into the A/D converter (indicated

by "XXX:" in the above program).

The following chart describes the PCW entered in Example Number 1.

BITS DESCRIPTION

5,4,3 Indicates the Clock Divisor, First and Last Channel values

will be entered.

8 Indicates sequential processing of multiplexer channels.

13 Indicates remote (computer) programming mode.

5%15
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4.4 Example Number 2: Use of Channel Address Memory - Example Number 2

indicates use of Channel Address Memory on the A/D converter. CAM allows data

acquisition of channels in a non-sequential order.

.TITLE CAMTST

EXAMPLE NUMBER 2
,.* CAN, processing demonstration. Sequence thru 4 channels in the order of *'

4,2,1,0.

.MCALL .EXIT ; Define library macros.

ASSIGN INTEGER*2 MEMORY LOCATIONS.

MEMORY: .WORD 177777 ; MEMORY (1) = RESET. (octal).
.WORD 21474 ; MEMORY (2) = PCW
•WORD 77 , MEMORY (3) = Clock Divisor.
.WORD 0 , MEMORY (4) = First Channel Address.
.WORD 3 ; MEMORY (5) = Last Channel Address.

CAI VALUES FOR CHANNEL SEQUENCING.
.WORD 4 ; MEMORY (6) = Save channel no. 4 first.

•WORD 2 ; MEMORY (7) = Save channel no. 2.

.WORD I ; MEMORY (8) = Save channel no. 1.

.WORD 0 ; MEMORY (9) = Save channel no. 0 last.

.WORD 300 ; MEMORY (10) = RSO-RUN condition.

PROGRAM THE PRESTON A/D.

A._MTST: MOV #0,@#172410 ; Assure READY is HI, set the WCR to zero.
NOV #-12,@#172410 ; Load WCR with no. of words to transfer.
MOV iMEIORY,@#172412 ; Load BAR with the first DMA address.
MOV 6,0#172414 ; Send FUNCTI, FUNCT2 HI.
MOV #2@#172414 ; Send FUNCT2 LOW, maintain FUNCTI HI.

JSR PC, DELAY ; Wait 100 usec.
MV I403@#172414 ; Send GO bit, causes RDY to go LO.

Note that this command maintains FUNCTi HI
and send CYCREQ III to prime DMA transfer.

•EXIT ; End of program

DATA IS NO% IN THE PRESTON A/D FIFO MEMORY BUFFER WAITING TO BE STROBED INTO
* HOST 'MEMORY.

DELAY: MOV RO,-(SP)
N4OV #100.,RO

SOB SO,.
MO', (SP)+,RO

RTS PC

.END CA.MTST

The Preston A/D is now in A/D conversion, digitizing thru channels 4, 2, 1, and 0

1.
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PRESTON A/D CONVERTER -- DRV1-B HANDSHAKING (OUTPUT MODE: DATO)

DATO mode operations are similar to DATI mode operations. In DATI mode, the

host program asserts the first Cycle Request (CYCREQ) initiating DMA transfers.

In DATO mode, the A/D converter internally asserts the first CYCREQ.

After execution of Example Number 1 or 2, the A/D converter is in the

RSO-RUN condition and storing digitized data in the A/D converter's FIFO memory

buffer. The next logical steps are to transfer data from the FIFO memory buffer

to host memory.

The following steps with Macro-li examples describe the DATO programming.

1. ASSURE THE WCR IS ZERO.

Upon completion of the DATI processing steps, the WCR will have been

incremented to zero.

Ex. Wait for the WCR to be Incremented to zero from DATI

operations.

2. LOAD THE WCR.

To strobe 16 channels from the A/D converter FIFO memory, load the WCR

with the 2's complement of the number of channels to sample.

Ex. Load the "negative number of channels" into the WCR.

3. ASSIGN A STORAGE ARRAY FOR DMA OUTPUT.

Assign an array (sequential memory locations) for digitized output from

the A/D converter. (See Example Number 3).

Ex. Load the BAY with the number of channels to read..

4. SEND GO BIT.

Upon completion of steps 1, 2 and 3, the user sends the GO bit to prime

DMA operations. In DATO mode, the A/D converter will send the first

CYCLE to prime DMA operations.

Ex. Load the DRVI1-B GO bit.

17
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The following steps are hardware generated.

1. The A/D converter generates a CYCREQ when data is available.

2. DRVII-B's response is to generate a BUSY.

Similar to DAII, BUSY negates CYCREQ and reads in the data on the cards

input bus.

3. BUSY is removed after DRV11-B reads the data on the line.

This trailing edge will request the next data word from the A/D

converter if a FIFO memory buffer exists on the system.

4. The A/D converter generates another CYCREQ when data becomes available.

5. This cycle of CYCREQ and BUSY (steps 6-9) continues until WCR - 0.

6. When WCR = 0, READY is sent HI by the DRVIl-B. (Completion).

.-he DRVII-B Control/Status Register should now contain #200.

+.1

*.
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4.5 Example Number 3: Example of A/D DATO Programming Steps - Example

Number 3 demonstrates how to strobe data out of the A/D convertei FIFO memory

buffer after DATI completion. Before data is strobed out, a time delay of 2.025

msec must be issued before further processing. The delay time may be broken down

according to the following table:

* 1.7 msec. Time for RSO-RUN acknowledge.

0.2 msec. Time for 16 channel conversion.

0.125 msec. Extra channel delay time.

.TITLE OUTPUT

* EXAMPLE NUMBER 3.
"* DEMONSTRATION OF DATA TRANSFER FROM THE PRESTON A/D FIFO MEMORY TO THE
•* HOST COMPUTER.

INITIALIZE SYSTEM MACROS...
%: MCALL EXIT

~;+
INITIALIZE AN ARRAY FOR PRESTON A/D OUTPUT.

MEMORY: .BLKW 16. ; Define the data array -MEMORY 16)",

DATA TRANSFER

OUTPUT: MOV #16.,@#172410 ; Load the WCR with the 2 's complement
NEG @M172410 ; No. of channels to read.
MOV #MEMORY,q*172412 ; Load the BAR with the start address
MOV #40000,@#172412 ; Load the BAR with the start address for D:A.
BIC #2,@1:172414 ; Assure FUNCT! is LO.
JSR PC,DELAY ; Call the 100 ms. delay subroutine.
BIS #i, :172414 ; Initialize DATO DMA transfer. (Send U-).
.EXIT , Exit program.

TIME DELAY SUBROUTINE ....

DELAY MOV RO,-(SP) ; Save Registers (SAVREG)
MOV #100.,RO ; Set RO with a counter.
SOB RO,. , Wait..
MOV (SP)+,RO ; Restore Registers(RESREG)

RTS PC ; and rturn.

.END OUTPUT

The DRVl1-B will now transfer 16 channels o data to Host memory. The WCR
inctemented to zero will indicate completion of this toutine.

19
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4.6 Example Number 4: Bit Status of the FUNCTI

EXAMPLE NUMBER 4

;* DISPLAYS THE BIT STATES uF THE FUNCTI, FUNCT2, RDY, BUSY and CYCREQ

during programming and operation of the A/D converter.

DELAY CHANNEL TIME TO

FlNCT 1 (SET BY USER) START + CHANNEL TIME
... TO STROBE DATA OUT.

F"'NCT 2 (SET BY USER)

-DY 100 usec

C i ; F-- -DIVISOR
BUSY

OTHER WORDS ADC STARTS

WORD. STROBED IN. INTERNALLY,

1,2

20
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GM Series Analog-To-Digital Conversion Systems Interface Manual, 1985, Preston
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Observatory, 22 Aug 86.
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6.0' ACRONY.S/ABBREVIATIONS

AID Analog to Digital.

BAR Bus Address Resister (DRVIl-B).

B:RST MODE Preston A/D converter command. (PCW bit #10 HI).

BUSY BUSY HI enables DMA tranfers. Negates CYCREQ.

C.AM Channel Address Memory. (A/D command).

CSR Control Status Register

CYCREQ Cycle Request. Asserted by the A/D converter to gain access of

the LSI-11/23 bus.

DATI Data Input Register (memory to DRVII-B transfer).

DATO Data Output Register. (DRVII-B to memory transfer).

SDM Direct Memory Access.

FIFO First In, First Out.

FU CI Determines A/D converter - DRV11-B handshake direction.
(DRV11-B CSR bit W1).

F'NC2 A/D converter initialization. (DRV1I-B CSR bit #2).

Enables DMA transfers. Sends READY LO. (DRVI1-B CSR bit #(')

* 3I HIGH (bit =

LO LOW (bit = 0).

LS3 Least Significant Bit. (bit = 0).

MISDAT Missed Data. Indicates the Preston A/D converter's FIFO memory

buffet is full.

. Milliseconds (I sec. = 100 ms.).

> SB Most Significant Bit. (bit 115).

';SET Master Reset. Word with all bits HI. (177777 octal).

PCW Preston Command Word. Responsible for programming of the A/D

converter.

PC Programmed Go.

PNG Programmed No Go.

22



RDY READY.

READY Indicates the DRV11-B may accept another command. (RO).
(DRVII-B Control/Status bit #7).

RO Read only.

RSO Run Stop Only. (PCW bit #6).

RSO-RLUN Start A/D conversion. (PCW bit #6 HI and bit #7 HI).

RSO-STOP Stop A/D conversion. (PCW bit #6 HI and bit #7 LO).

SINGLE CYCLE A/D converter line. LO when BURST MODE is selected.

STAT A Status command sent from the A/D converter. This bit beomes HI
when the A/D converter's FIFO memory buffer is full.
(DRV1-B CSR bit #11).

usec. Microseconds (I sec. = 1000 usec.).

VAMS Vibro-Acoustic Measurement System.

WCR Word Count Register. (DRV11-B).

23



6.1 MACRO-11 ASSEMBLER LIST.

BIC Bit Clear. Clear the matching (octal) bits.

BIS Bit Set (Logical OR operation). Set the matching (octal) bits.

.BLK-W Reserve memory for 16 bits or multiples of 16 bits.

CAMTST Program name.

.EXIT End of program.

INPUT Program name.

JSR Jump to subroutine.

LOOP Loop variable. (Similar for the Fortran continue statement).

%ACROS Macro-l1 subroutines.

.MCKLL Allow macro library access.

MOV Move Instruction.

NEG Negate.

OUTPUT Program name.

RTS Return from subroutine.

SOB Subtract from the first value and branch to the second value if
not result no zero.

WAIT Loop varidble. (Similar for the Fortraa continue statement).

.WORD Load memory with a 16 bits value.

24



type dyixmslink.com

.3 FILE: XLINK.COfl

. This file links the executable XMTEST Extended Meuory A/D program.
.1
.j Created 2--dec-85 c.j.center Type "xmlink" to execute.
.j Revision 24-jan-W C.j.center Increase no. modules to link.

-- - - -- -- - - - - - - - - - - -

.3

GDX U IJTOLIWK

" ~.LINKC Gl, GDAS31, PRINIT, )SIIP, TIC E'1/P: G@ . MAP

GDA"M LI< CON3L.
.D(IT

A\ P P 1. N 1) 1X
*.1 1

-- 'p
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twpe € s~cx0.rA
two du:gdaam,.m

lhhco9
!hco9

• TITLE G~x
.IET VW.20
.SBTT1. EDIT LOG

; -- -"-_" - --- - " -" --- -- ----- -- - ------------ ' -
;Z WESTO4 OBSERVTORY

z* DEPT. OF GEOLOGY A GEOPHYSICS
GEOPHYSICAL DATA AQISITION SYS ;

3* FILE: GASM.MA

C RATED 22-tPY-% C.J.CETER Enhanced programming techniques to *;
3* allow common subroutines beteen all 5;

;3 ampI Ing program.
; VISON 10-Jt-6 C.J.CENTER Install optional D/A calibration. 5;

3 LINK FILES:
1. GDAS3M.MAC: Subroutine file. *;

3 2 2. PRINIT.1A: Preston QW-4A converter initialization.
3. *81MP. MAC: RTII-X data sample handler. C;

N CUDE FILES:

S 1. G(1DASI.INC: Device equivalences and "IF" conditionals. 5;

2. GDSZI. INC: Globals. ;

I ; 3. G 3I.INC: Data definitions. ;

5 4. GDAS4I.INC: Macros.

., 3 * D(TEIE)ED MEIORY SAMPLING ;
S; =RECORD NO.1

;* BLOK NO. 0...
;1,* BYTE 0: Blank. 5;
3* .BYTE 1-511.: User coments.

B LOC .. ...
,.; This block contains sawplinj header information:

WO RD 1: DOUBLE PRECISION (HIGH ORDER) N113R OF S; SR1LED.*;
3* WORD 21 DP (LOW ORDER) NJ3ER OF SCANS SAMPL. ;
SWORD 3: CLRC OOK FEQUNCY. (number of interrupts /se).

WORD 4: MLE RATE (samples/sec.)
, 3* WORD 5: BIT MA FOR SAtFLED CHANELS (0-15) 5;

WORD~ 6s ERC START TIME: Dayjs 9 hours. C

WO RD 7: Minutes 9 seconds. 5;
WORD 8: ZERO. 5;

3* WORD 9t D/A CALIBRATION FLAG. (E-OFT. I-ON.) 5;

j** REORD N0.2 - END OF FILE. 5;

Theme records contain scan Information recorded from the Preston 5;

; A/D conerter or the EC clock composed of the following format: 5;

WORD 1: START OF SCA IND0ICATOR. (87 OCTAL) ;
* WORD 2: DIVIDED INTO THE FOLLOWING 2 BYTES.

'A
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Is BYTE 1: ERC FLAG. s
1, ERC CLOCK DATA IN iCXT TWO WORDS. a
;, 0aCL DATA FOLLOWS. a;

SYTE 2: NUMBE OF DATA WORDS IN SCAN. I
;* OUTPUT S9C1 ED)FL. ;
* S7M 010M 177747 M144 177759 U9r 177664 M181 1;
3* 177759 M1S 4 177794 999974 177726 @ 71 177722 5
; 177665 9994 S75 0181 OM 013507

. M~LL CSIQE4, .PRINT, . WRITW, . CLOSE, . EXIT,. .SCA,. GTL IN
.MALL .RDW, .WDK
INC.LUDE \GDASI1. INC\
INC:LUDE \,AWAS21. INC\
. LOOL DASTRT, 6STOP, INTON, INTOFT,OQKTIM

INC:LU[)E \,GDS3I. IMC\
3, ,

.STTL PROGRM C ADDRESS RECOVER.

LC-. ; Location 4,6 handle illegal address ref.
.-4+LC ; Location 10,12 handle ill. instruction.

.WORD 6.9,12,6 ; E handling definitions for the CP.

SBTTL ACQJIRE AND SET SAMPLING PROCEDURES.

.PSECT PROG
BEGIN: .PRINT *CLLO ; Display program title to user.

3W, PC.DASTRT ; Queru user for D/A calibration option.
3R PC, ADCOM ; Query user for data sampling parameters.
JSR PC,BIT'P ; Generate a bitmap for channels being sampled
3jS PC,PRINIT ; Initialize the PRSTON A/D converter.
SR PCIKTkIL ; Kill undesireable interrupts.

SBTTL DISPLAY SAMPLING P TERS...

.PRINT #INPUT ; Redisplay user inputs as a check....
3W PCTY P s a ple rate,
MW PC, TY94 ; no. of scans,

.7W PC, I1yCM ; and channels being sampled.
PA PC, GTCOM ; QuerW user for comnts.

* 3+

STTL QUERY UE FOR OU:TPUT DATA F ILE.

.PRINT #ENTER ;PRINT IW'O FOR CSIGE FILEAMS
MOV SP, STEM ; SA SYSTEM STAO( POINTER
.CSIGEN #D'CC ,#EEXET,0 ;AND OPEN FILE(S)
MOV SpTEP, SP ;RESTORE STC PTR(I IOR CSIGEN OPTIONS)

.SUTT. WRITE CJO4TS TO WTPJT FILE, 14iT OUTPUT B.FTER.
3-

SR PC,VIRIWIN ; Initialize virtual memory.
MOV WINDOU4. I.S, OUTBUF s Initialize the output buffer.
3W PC,1RTCOIM ; Write comments to output file.
3W PC,1RT1D ; Write header to buffer. (Assign ptre).

% 0
• € ,, -., -,.-,..o,-..-..,..,. ,.. ,...... . .... ,.. - .. '.,; ,.- ... -. . .',.. -.- .,- , . .,,.". .. ' ".....-....... ..,..

1. e *i'J 'l J - * -



.SBTTL INITIALIZE IO DEFIITIONS.
I-

Q.R ; "SCAM" is a counter for )@...
MOVB #IITRIGO1 ; Init. sample-completion trigger to OFT.

;+

.SBTTL REQUIRE A (CR) BEFORE 41MPLING BEGINS.

LR F ; Clear register and...
.GTLIN ,OK(SAP ; wait for a <cr> before sampling...
.PRINT #TRIGOU ; Write a sample message...
CLR SCA ; Clear .SCC status word...
.OCCA C A , SCCST ; and disable "C.

• .SBTTL START INTERPTS AND SrPFL.E.

JSR PC,Q.LTIM ; Get the current time.
JSR PC, INTON ; Set Interrupts...

SIT: TSTB TRIGON4 ;Wait ....
BLT DE ; and exit mhen complete.
TSTB - ; Time to san le ??
BEQ 0 ; NO - continue
JSR R5,) QAPP ; YES- jump to sample subroutine...
CLRB SA1W4 ; Reset samp le flog.

2I: TSTU ERC'LG ; Time to read the clock ??
BEG SIT ; NO - continue.
J'SR RS,)ERCHT ; YES- jump to recora time.
CL ERCFLG ; Reset the ERC time flag.
JmhP SIT ; Wait for more interrupts...

DONE: PTPS PR7 ; Restore system priority
ISR PC, INTOFF ; Shut off Interrupts...
CLR SCCAST ; CLEA .CA STATUS WORD
. SC OC K:RA,00 ENAIBLE ^C.
JSR PC,VIRwzT ; IW&te A/D data to output file

.SBTTL DISPLAY FINAL SAPLING MESSAGES.

MOY OAGOTIM,R2 ;WHERE TO PUT ASCII TIME OF TRIGGER
JSR R5, ASCTIM ;C~h%'ERT ERC TIME TO ASCII
.WORD GOTIM ;AIZRESS OF ERC TIM OF TRIGGER

MOV t4ATIM,R2 ;WHERE TO PUT ASCII END TIME

ISR R5, ASCTIM ;CCN'ERT END TIME
.WORD CMSB ;EM TIME IS LAST ERC READOUT

.PRINT *TTRIG ;PRINT TIME OF TRIGGR A) END TIME
01P SCANS, WSCAN
BEQ is ; B%*O4 WHE4 ALL S_4_lS ACQUIRED
PRINT WKLOW ;MUST HPYE Ot OWED

151 MOV SO",RI ; OF SCA ACQUIRED
JSR OOTOAD ;5 MRT TO ASCII DECIMAL



-WM~ T9A ;PUT ASCII THERE
PINT #St2 ; Indicate to the user the

.PRINT *T9CV4S, # of scans recorded.

.SBTTL ED OF RTI1-fD SAMLING

TSTD DKCA.. Is calibration in effect ?
BEG 9M9 NO - normal exit...
3SR PIC, A6TOP ; YES- clear D-'A values.

9996: .EXIT ;Exit.
.END BEG114

d2
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----- -- ----- --- -- -- -- ----- ------

; I I LM F ILE: G;DAS I I. I m

t CREATED 21-MY- C.J.CEhTER GDAS 0FTWE EQUIVALEN FILE. C;

* SAMLE DEVICE COMPILE FLAGS
NOTE: YOU "MJST" CHOOSE OPLY "OE" OF THE FOLLOWIMG CONDITIOWLS

TO COMPILE EACH 9APLING PROG614. ( O-OFF 1-ON )

FSAMP - 0 ; Foreground / Background sanpling.
XSAMP - 1 ; Extended Memory samIp Ing.
RSMP - 0 ; Dibble, Floppy Disk, Hard disk saimpling.
TSAMP * 0 ; Kennedy tape swpltng.

CQJ<VEC - 100 ; Clock vector location.
DRVVEC - 124 ; DRVIIB Interrupt vector location.
ERRWRD - 52 ; ADDR OF EROR TYPES FOR PROGRME REQUESTS

ERCCSR - 167770 ; ERC Control/Status Register.
ERCOUT " 167772 ERC Output Register.
ERCIN • 167774 ; ERC Input Register.
ERCVEC - 170 ; ERC vector location.

DACI o 176750 ; D/A Converter line #1 address.
DAC2 w 176752 ; D/A Converter line 12.

.IF PC RSAMP
B -CSR a 177150 ; Dibble Memory Control/Status Register.
BULBVEC - 279 ; Dibble memory vector location.
BLMIPRI - 272 priority loc.

; END DATA EQUIVALENCES.

%
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t~pe dy:gdas21. Inc

;*INCLL.DE FILE: GDSI. INC C

CR~ATED 21-MRY-% C.J.CENTER GZAS sofware f Ile containing global@ 5

30-tPY-66 Install KennedW Tape global.;

pointers and tables...
. OBLOUP R OLITUJF, OLITElID, RJQII T IMPITR

*ERR codes...
* .OB.. EOPEN, EROF ER(M1, EWD. WOW ERR1D. ERRMEM !OFATL

misc storage..
*GOB Qui .3J4, ERCLSB, ERO6, so~T ~p
* GLOB. ARE, CARA, TRIGOU, NCIOCOOM, SC~tG, a.JVEC, 3SRT, PR, PR7
* GLOBL CHAHM1, SCANMI, CIAMP, INPUT, 04"9 ARE, PLUS

comevnts...
* GLOB. i.RTCOM, GETCJ , COPuii CaFE, CCWV'(), L I HBUF, 0*
* GLOB.. ARTE, ACHSE1, TSCR6, COrtflT, ClIWVO, 0-WI', COMOVW
* GLOUL OTA, 0TOADIPUTOCT, GETDEC *GE1'OCT, IR-hC
* GLOB.. GETOYK, GETSAM, GETCHN, GETSCN, TYAP, TYMA, TYSCANI, ASCT I M, B I Twef

;misc storage for 1/0 inputs...
. GLOBL NO-Al, HSC'l, SRMRT, aQJRT, DKCA., tAC. MI, DC. M2, DAC. M3

GLOB. ERCIT,AC1,2,PLLSE

;satmple in terrupt g lobal*...
* GLOBL SVIPLE, SCAID, OFLOW, TRIGONl, GOT IMC, SVIBJ
.GLOR.. ADCOI1,INIT,ERCIN.ERCINT

;FB - specific globals...
.IF PC FSAVP

. GLOBL ENTER, ENDAD rcVHN, rSYDCT, SPTEP

.Q.OBL PROFIT, WZTlAT, FENtD

; M- specific global*....
.IF PC )GAMP

* GL ENTER, ENDPAD, DENOa), DEFD(T, STEMP, GOT IE, SW1LF
GLOBL W. HOF, W. NBA, S9WPVL, IWDCT, WII()OU

.GLOBL W.NRID,R.GID, INOVF,SN1PLE
* GL XMBLJ. WIRA, )XR, ERCLG, )E:RO4, SRI*L, lI TOFF
* GLOIL XMSAMP, VIIN, VIR14T, ER, ERRNO

;Ri' specific globals....
.IF 14E RAM

GLOGL ENTER. EDPAD. DE'+M. IIDET SPTDMP
* Q.OG. B.JA, UUEM, HJMe, SNue B.JCG
..LOS. WRA, FBEN, PROFIT, LSTIPT, SETUX



TAPE~~ sp ci i l o I s .. . .

IFMpg

GLOIL RECBLIFRECDDRECEND, FtAJ'B, Ft.UIRECFLGREC
GLOIL RWAE WTAPE, ENTAPE, OJERY, KE4CS, IC1OUT, KEHIN

* QLOBL SETETYSCN2
ENDC

END OFO~ GLOALS.



tWp. daa3I Inc
'hco999
! hco99

j* FILE: G(;S3I.INC

; NOTE: 1) THIS FILE CONTAINS ALL DATA DEINITIONS FOR GDAS SAMPLING a;
* PROGRAM. USE THE APROPRIATE SAMLE FLAG TO GENERATE *;

DATA FOR A SPECIFIED PROGRAM. *;
;2) CURRNTY VERSIONi 2.2 ONLY EXISTS FOR KENED TAPE SAMPLING. *

CR;* EATED 17-MAY-%6 C.J.(ETER Enhanced TPDEF.INC to create a general C;

data file for all sampling programs. *;

.PSECT DATA

SCA HEADER ERC IfFO - DON'T BREAK LP

SC4ID: .WRD 872525 ; Start of scan flag.
ERCJLF: .BYTE I ; ERC time flag...

.BYTE 2 ; followed by # words in ERC scan.
EROMSB: .WORD 8 ; Storage for ERC time days & hours.
ERCLSB: .WORD 0 ERC time minutes and seconds.

;SAMPLE DEF'INITIONS...

TIMPTR: .BLKW 2 ; ADDRESS OF START TIME IN FILE HEADER
GOTIME: .BKW 2 ; ERC READOUT AT TRIGGER
CHMAPI: .BLK 1 ; Bit map for the number of channels.
SAUF: .BLKW 16. ;SAE SPACE FOR SPLE BLFFER

NUMBEER: .BL.<W 7 ; 6 character buffer to hold user inputs.
NTEST: .Bi.KW 1 ; Storage for number of scar*.
NSC9: .BLW 2 ; No. of A/D scans. (double precision).
SCAM: .BLJX 2 ; Scan counter (single or double precision).
NC]41A: .BLW 1 ; No. of A/.D channels to process for each scan.

CLJ<T: . JL 1 ; ERC clock rate (cgcles/sec).
SAMRAT: .BUKW 1 ; No. of ERC cycles to skip when sampling.
: T: .BLKW 2 ; Sample rate counters.

FORTF4 SLOITINE "TIMER" ARGUMENT BLOCK.
3-
DAY: .BLKW I ; Address of days,
HOUR: .LiKW 1 ; hours,
MINUTE: BlK 1 minutes,
SECOND: . W 1 ; and seconds.
A .K: WORD 4 4 words in TIPER subroutine

.WORD DAY

.WORD HOUR
WORD MINJTE
WORD SECOND

LSI 11/23 PRIORITIES....

PRt: .IORD 340 ; Priority 7.
PR: .WORD 240 ; Priority 5.
PR3t WORD 148 ; Priority 3.
P .WOW a ; PrioritU 0.

". J - P A P" . A . P" ,'. .
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PROG%:1 CONTROL....

COMBUF: .DLKB 511. ; Comment atorage buffer.
CBUFE: .LKB 1 ; Last byte of comment storage.LINBUF: .BKB 80. ; "GTLIN" line buffer storage.
AREA: .BLKW 5 ; RA FOR I/0 EMT PAETERS
0:RE.: .BUW 2 ; PAMTERS FOR .GVL . SCcA PRoptmECD REG
SCCAT: . BLKW I ; STATUS WORD FOR . SOCA
TRIGO,: .BYTE 0 ; Sample flag.

>0, aa pllng in progress.
;+ ; < 0, usapling complete.
I D/A CALIBRATION FLAGS.

PILSE: .BLKB 1 ; (1-PULSE, O-CONSTNT VOLTAGE)
DKCAL: .BLKB 1 ; D/A Calibration flag.

0, No calibration.
;+ ; 1, Preform calibration.

DATA STORAGE

EVEN
OUTPTR: .BLw I ; POINTER TO OUTPUT BUFFER
OLTBULF: .BLw i ; START ADDRSS OF OUTPUT BFVEr
OUTDO0: .BLX I ; END ADDESS OF OUTPUT BUFFER
LKU<tM: .BL I ; STORAGE FOR OUTPUT FILE BLOC< IlER.;+

ERRO HRtOLING MESSAGES.

EREOF: .BYTE 15,12
.ASCIZ " ERR ...... ATTEMPT TO WRITE OUTSIDE FILE LIMITS.

EROFPN: . BYTE 15,12
.SCIZ ".RR ......... /0 C(HNEL NOT OPEN."

E5: .BYTE 15,12
.ASCIZ / ERR ...... INVALID NUMBER OF r S. /

E- 1: BYTE 15,12
.ASCIZ / ERR ...... EXCEEI]ED AVAILABLE MEMORY PAC. /-W. R].tD: BYTE 15,12
.SCIZ / ERR ...... HARDWM;E./". OROOM: .-BYTE 15, 12
.ASCII / ERR. . THE -PAD IN FILE GDAS3I. INC" MUST BE DEC .

OFL(OW: .BYTE 15,12
.ASCIZ / WNING ..... DATA BUFFER OVELOW.

-fROUT: BYT 15,12
.ASCIZ / WIIMG ..... SCAM RE D > S DESIRED. /-... WR: . BYT 15, 12
•ASCIZ / ERR ...... FATAL WRITE. /

-; QUERY .SER INPUTS.

GETCL: .ASCIZ " ERC FREQUENCY RATE (ERC Dial Settln ) : (20)
GETm1: .RSCIZ ERC DIVISOR TO DETERMINE PLE R "2<29)
GTCH: .RSCIZ " NUBER OF GHfrCS TO SAMLE (decImal): "(W)
DAC.MI: .ASCIZ " PFIE]ORM D/A CAI.IRTIOm ? <Y,N) : (290)
DACM: .ASCIZ " WILL A DA PULSE BE IrhPT 7 (Y,) : "(20

.

U'
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DISP..AY USER INPUTS.

INPUT: .BYTE 15,12 ; Indicate the users inputs....
.ASCIZ DATA SAMPLING SPECIFICATIONS

4 OA1tM: .BYTE 15,12 ; Message to indicate saple rate requested.
.ASCII / SAMPLING AT/

ARATE: .ILKB 6 ; Acii storage for sample rate...
PLUS: .BYTE 40 ; and "+" if divisor not even..

.SCIZ (DEC) SWFLES/SEC."
OAN11: .ASCIZ / SPLING CHAELS: /<208>
AO4H1: .BLKB 6. ; Storage for ascii channel map expansion...
TE : .ULG 12. ; Storage for hcans in ascii.
;+.

DATA FILE COtef MESSAGS.
3-
cOmmT: .DYTE 15,12

.ASCII / O'TERING C <Y,N> ?/<2)
CINFO: .BYTE 15,12

.ACII / EKER LP TO 510 O4TERS OF TEXT./ <15X12)

.ASCIZ / A BLANK LINE INDICATES COMPLETION OF THE COMMENT SECTION. <15X 12)

CIFROMP: . BYTE '>,200
COMEND: .ASCII / YOU MAY DNTER/
O4HEFT: .BLKB 6

.ASCIZ / MORE O CTERS/
COMOWF: .ASCIZ / BUFFER OVRFLOW - LAST LINE TRUNCATD/

SAMPLING START MESSAGES.

OKAMP: . BYTE 15,12
.ASCIZ / TYPE <CR> TO BEGIN SA'PLING:/(2e0>

TRIGOU: -BYT 15,12Z
.ASCII / ATTENTION: A 6I*aING CRTER "W" IS PRINTED/<15X 12)
.A9CIZ / WHEN INCOMPLETE S ARE RE0ORD1D/<15X12X12>

SSAMPLING FINISH MESSAGES.
"" 3-

TTRIG: .BYTE 15,12
.ASCII /TRIGERED AT /

SAGOTIM: BLKB 12.
"BYTE 15, 12
ASCII /1ED TIME/

BYTE 4, 40, 40, 40, 40
AETIM: BLKB 12.

4.
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- --- - - - -- --- --- -- -- -- - --- - -

* * SY SMftPLG DEFINITIONS... ;

DISPLAY PROGA ADER INFORATION .....

ELLO: .BYTE 15,12
.ASCII tE IDY TAPE SAMPLING PRORA M"
. BVTE 15,12
.ASCII / ------ GDAS VERSIONt 2.2 <AME 0,1986
.ASCIZ / /<15X12>

KE]EDY DATA MESSAGES....

GETSCO: .ASCII "UBE OF SCA TO ACQUIRE (octal): "(20>
SCAMM1: .ASCII / NUER OF TO SM9LE (octal) 1<200)
SOVMl: .ASCII / NMER 0F SCFNS RECO£RD (octal) /<200)
QUERY: .BYT 15,12

.ASCII / F4JIND KENEDY TAPE <Y,N) ?/<200>

DATA STOi.AE...
-;- EVEN

RECBUF: .BLJ 29. ; 2 Record buffer (104. words) + overf low space.
RIECNU: .BL.W I ; Ouput file record number...
RECADD: .BLKW 1 ; Address of current data record.
REC .EN J0J B I Addr. of end of record no. I 2.
RENOt: .BLXW 1 ; Base address of record no. S.
RECaI: .BLKW 1 ; Base address of record no. 1.
RECLG: .BYTE 9 ; .EQ. 1: Waiting for complete record of data.

-1: Complete record hea been data recorded.

ENDC ;END : KENNEDY TAPE CON4DITIONAS.
IF PC FSP ; START: F OREGROUN GROUND CONDITIONALS.

;* FOREGROUND / BA(GROUND SAMPLING SPECIFICS.

; DISPLAY PROA HEADER INFOMIATION .....

HELLO: .BYTE 15, 12
ASCII FOREGROUND / BACKGROUND SAMPLING PROGRAM

-BYTE 15,12
.ASCII / GDS VESIO 2.2 <JNE 02,1986)

.ASCIZ / /<15X12)

DATA FILE NAME (INPUT FROM USER)....

ETER:. BYTE 15, 12

.ASCII /...PLE ETER OUTPUT FILE PfE (WZThWT EXTENSION) ... /< 15X12)

.ASCIZ / W'ILE- <CR) ... WRITE FILE TO DISK./<15X12>
SCJ*l1I: -ASCII / tUER OF SA TO SAPLE (decimal) : /<M)
S04W: .ASCII / Mj4 OF SC E rC D (decimal) i / D)
"ETSo: .ASCII NUBR OF SCAM TO AC0UIR (decmal) "<208)

5%'
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* S . - - , - -1. a. . - -_ - - -

FILE STORAGE INFOIMTION...

SPTEMP: .LIJW 1 ; Temp. stack ptr. storage during .CSIGEN command.
DCFDXT: .5 "1 T" ;DEFAULT EXTENSION FOR INPUT FILE

.1M ;DEFULT EXTENSION FOR OUTPUT FILE
.WORD a
.WORDa

DEVMH: .WORD e ;DEVICE HANDLERS GO HER WHN NEEDED
3+

; The next area is opened for A/D data file storage. An defined by ,CSIGEN,
; f file io opened in the first available memory location following DE'Ni).

PAD: • 0,+18 ; Leave room for device handlers.
ENDAD: .

,[NDC End of Foreground / Background conditionals.
.IF NE RSMP
.EVEN

,, DBELE FLOPPY, DISK SFLING. ;
-- ------ - ------ -" -- -- - - ----

DATA OUTPUT BUFIER POINTER DEFINITIONS...

DLKADD: .BLKW ; Address of current data block.
BLJKN: .BL.J 1 Base address of block no. 0.
BLKI: .BJUK W ; Base address of block no. 1.
BU~LKD: .BI.KJ 1 ; Address ptr. for end of comment block.
BLKFLG: .BLKB 8 ; .EQ. 1: Waiting block of data to fill up.

-1: Block of data recorded.
;+

DISPLAY PROGRAM HEADER IFORPPTIO14 .....

HELLO: .BYTE 15,12 _

.ASCII " -I/0 SAMPLING PROI,

.BYTE 15,12

.ASCII / , GAS VERSION 2.2 <JUNE 02,1986)

.ASCIZ / /<15X12)
;

SCANM1: ASCII / NUBE OF S0416 TO S (decimal) : 1<290)
9C0:12: .ASCII / IUER OF SCN RECO (decimal) : /<200)
GETSCN: .ASCII " IJEER OF S9M TO FCAUIR (declal): "<20)

RT SAMLE ERROR HI"DING...

WALITER: .BYTE 15,12 _

.ASCIZ " ER ...... ANI/O R UOR./

DATA FILE I:W(S) (INPUT FROM USER) ....

ETER:.BYTE 15,12
.ASCII /...PLSE ENTER OUTPUT FILE NAM: (WITHOUT XTENSION). .. /<15X12)
.ASCII / WfILE -  <CR) ... WRITE FILE TO DISK./<1Sx12)
.SCII / ,DYiFILEC974- (CR> ... lWRITE FILE TO FLOPPY./
.ASCII / (974 BLK(S MAIIMUM)./<15X12)
.ASCII / *BYtFlLE[1962]- <CR> ... WRITE FILE TO BENLE MEMORY/

'.ASCIZ / (1962 ft MU:1IML)./(15S(12Xl(1 |

S V1
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- . - . 4 . .. ' -- .. . -v

I/O FILE HANDLING RESERVATIONS...
;-

SPTEMP: .BL 1 ; Temp. stack ptr. storage during .CSIGE command.
G:REA: .BLK 10 ; Extra 0-element entrU area.
DEFEXT: .J:5W "DAT" DEFLJL.T EXTEISIOr FOR INPUT FILE

. RAD5 "RAw ; DEFAULT EXTENSION FOR OUTPUT FILE

.WORD

.WORD 0
DLNOND:. ;DEVICE H LERS GO HEE WHEN NEDED
3+

; The next area is opened for A/D data feI storage. An defined by .CSIGEN,
; a file is opened in the first available memorl location following DC'AWD.

PAD: .-. +10M8
EDPD:

ENDC ND: BUBLE MEMORY CONDITIONALS.
. IF NC E :P ; START: EXTDCED MEORY CONDITIONALS.
.EVEN

* EXDTNDED MEOCRY ~SMLE PRORAMJ --- ---------- * ---- - - -_ ' * ------_ ------

; DISLAY PROGRAM HER IlNfORMTION .....
;-
HE..LO: . BYTE 15,12

.ASCII m ETDED EMOIRY SAMPL ING PROGRAM

.BYTE 15,12

.ASCII / GDAS VERSION 2.2 <JUE: 02,1986>

.ASCIZ / /<15X12)

DATA FILE NAM (INPUT FROM USER)....

ENTER:. BYTE 15,12
.ASCII /.. .PLEAE ENTER OUTIT FILE NAM (WITHOUT EXTEION)... /(15X02)
.ASCIZ / WILE- <CR) ... WRITE FILE TO DIS(./(15X12)

SCANl: .ASCII / N.MEJ OF SCANS TO SMLE (decimal) : /<200)
SCANV .ASCII / UER OF SC6 RECORE (decimal) : /<200)
GETSa1: .ASCII " t1J'E OF SCAN TO AC0UIRE (decimal): "<208)
3+

E XTDED MEORY EROR HANDLING...

E]M: .BYTE 15,12
.ASCIZ " ER ......... *1 - E "

ERRN: .ASCIZ /MS/

DATA STORAG
3-

WNDCT: .WOR 23. ; Maximum window remappings.
INOFF: .BL. I ; Initial offset Into region.
SAMPWL: .BYTE 0 ; Sample flag: 0, wait. Else @ample.
ERCFLG: .BYTE 0 ; - clock flag: 8, wait. Else read time.

)VA: .BJX 2 AREA FOR EXTEDED MEMIORY IWFO..
)QBUF: .RD0( 3072. 1 BIGGEST PHYSICAL REGIOlN AVAILLE (96K).
WINDOU: .WDNK 2,128.,,8,0, WS.WP ; WINOW (INITIAL. OFTSET-0)

",-



FILE SRAGE IS I RTI5-...

SPTESP: .K X f I Temp. stack ptr. storage durin .CSIGE command.
E'EXT: .RAS -"OAT" ;DEFULT EXTEN4SION FOR INPUT FI2[

1W. "R ;I E"A.LT EXTENSION FOR OUTPUT FILE

S. .WOD.wo 0
DEYHM: .WOD S ;DEVICE Ht4ERS GO HER WE NEED

, The next are& Is opened for A/D data fIle storage. As defined bU .CSIGEN,
a file it opened in the first available memoru location following DWItD.

PAD- .-. +ISM
EDPAD: .

.EINDC ; End of Extended memory conditionals.
--- --------------- -- ( D OF DATA DEF14ITIONIS

'p.
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X7. J..J r 71

t~p. dysgda4i. ine
!heol

* INC-LLDE FILE: GDAS4I. ImC

s CREATED 0-Lt4-e C.J.CDTER GDA MAM include file. C

MOV R2, -(SP)

MOV R3,-(SP)
mov R3,-(SP)
MOV R5, -(SP)

mpa~co: ~SG
,* POPS REGISTERS OFT THE STAOX. C

PFCRO FERG
mov (SP)+,Ft
P10% (SP)4,R4

P10% (SP)+,R2

4 MOV (P+R

4... . QM



ta~lel dymiprinitas

!hco9

.TITLE PRESTON INITIALIZAT ION.

.. BOL FPRINIT

WESTON OBSERVATORY
5* DEPT. OF GEOLOGY FMD GEOPHYSICS
* DATA AcQUISITION SYSTEM: VERSION 2.0

, FILE: FRINIT.MRC

Creation 18-nov-M c.j.center Updated A/D programming steps. 5;

• Revision 21-nov-4 c.j.center Installed as a GLOBAL. ;
S29-dec-a c.j.center Updated DKINIT.MAC for >@1 routines. 5;

l6-jon-65 c.j.center Install TABI to allow relative DMr
5* addressing. 5;

17-feb-6 c.j.center Installed A/D error handling.
3*3-mar-6 Ohange clock divisor.

THIS 91-I1ROUTINE .......

, --- RESEI THE P/IJ• 5.
,s -2- SETS LP THE REQUIRED "DATI" FUNCTION BITS. 5;

* -3- ENTERS A CONTROL WORD TO ENTER THE FOLLOWING PRORAM MODES... 5;

; * 0CLOC DIVISIOR: .CLKDIV
* FIRST CHNEL: 0 0;

LAST 4*tEL: N0H4 (global) 5;

* RSO-STOP CONDITION. 5;
, * -5- EXITS ON

, I EFIlE G.OB.S A DRV11B B.S ADDRESSES....

.MCALL .PRINT,.EXIT
GLOBL N04AN

BS - 172410 ; DRV1IB base address.
DRYWICR - E ; Word Count Register
EIRVR - SE+E2 ; Be Address Register.
DRVCSR - BSE+4 ; Control Status Register.
CU.!V - 74. ; Minimal PRESTON A/D clock divisor.

Misc...
•PSECT DTA

TABLE: .BLKW 2. ; DM storage table...
ER: .SCIZ " ERR ................ PRESTON A/D NOT FINCTIONING.

.PSECT PROG
PRINIT: MOV R8,-(SP) ; RG....

MOV Rl,-(SP)
MOV R2, -(SP)
MOV R3,-(SP)
NOV R4,-(SP)

MOV omRC,RI ; RI -) DRVI1B Word Count Register.
* .,MOV #DRBAR, R2 ; R-) DRVIIB Buffer Address Register.
.. O DRVCSR,R3 ; R3 -) DRVIB Control/Status Register.

NOV TBLJE,R4 ; R4 M> mory location for DRVII9 DMA TI.

4,

%
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MOV 0177777(R4)+ ; Store RESET to clear out AooD.
MOV #a47, (R4)+ ; Store "CONTROL WORD" to send the following..
MOV 4.LKDIV, (R4) ; 1. "CLOC( DIVISOR".
MOV 1, (R4)+ 2. "FIRST ANEL"
MOV * A, (R4)+ ; 3. "LAST AEL".
MOV #M, (R4) ; 4. "RSO-STOP" condition.

C..R ORI ; Assure RADY is HI.
MOV "-,IR ; No. of words to strobe in.
MO #TABLE,@R2 ; BAR -) TOP of TABLE.
BIS 06,@R3 ; Set FUNCTI-1, FUNCT2-1
BIC #4,R3 ; Set FlhCTI-1, FUICTZ-

11V 035.O ; 100+ microsecond delai for A/D after last- SOB RO,. D function strobed in.
MOV 043,MR3 ; Set CYCRQ and GO bit.

ERR ??? TEST START IP PROCMEI. ....

MOV 01000.,RO ; Assign a counter as a timer...
10: DEC RO and decrement.

EG ERROR ; If words not strobed in Wet... then ERR.
TST @R1 ; Test DRVWC'R for all words being
NE 105 s trobed in before returning...

'- " Mov (SP)+, R4 ; RG ....

"OV (SP)+,R3
.. 0%' (SP)+,R2

"MOV (SP)+,R1MOV (SP)+,RB

RTS PC ; , RETURN.

P.+. ;FATAL ERqROR ON PRESTON A/D...

EROR: PINT 4; Print the error..
ADD #18.,SP ; Restore the stack pointer,
.EXIT a nd exit.

.ED PRINIT

e%
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I. "6- -k -. Vv - . ' IL 11 7 TK. .7~- - -...-

'hhco
!hcol@

* TITLE GS3M
.IDEHIT AM.W

- - - -' -'-' - -- -' -' - -- - -- - ---- -.. .- - -- -- ---- - -- - - - - - - - - - - - -- - -

SWESTON OBSERVATORY
;* IDEPT. OF GEOLOGY FIN GEORMYICS ,

GEOPHYSICAL DATA ACUISITON SYSTEM (GDAS) SOFTWARE LIRY ;
;* FILE: GAS3M.MAC ;

* R ATED 03Lt+ C.J.(TE R This file contains all subroutines for 5;

3* the GDAS sUstem.
;* RVISED 66-jG-% C.3.C0ETER Add titles and global* for G lbraru.;
;*. S.

;* NOTE: FILE "GDASII.INC" CONTAINS THE "IF" CONDITIOIALS TO COMPILE *;
PROR FOR RT11-FB & RT11-XM OPERATING SYSTE. ;

;* SUBROUTINE LIST: 5;
DAC: Quer user for D/A calibration & set DK:A.L flag. 5;

;= INTON; Initialize system interrupts. *

INTOFF: Stop sstem interrupts.
; 3* INTKIL: Stop undesireable sustem Interrupts. 5;

TYSAMP: Display's sample rate on terminal.

ERINT: ERC Interrupt B handler. 5;

.mcax, . SETTOP, .GVL. GCRA .MAP, . Ltw

.MCA .CSIGEN, .WRITW, .WIT, .CLOE, .PRIfT, .GTLIN, .TTYIN, .EXIT

.INCLiE \GDSII.INC\ ; Equivalences , conditionals.
INCLLJDE \GDAS21. IMlC\ Globals.

.INCLUE \GD 4I. IINC\ Macros.

.PSECT FROG



TITLE EA
.GLOB. EAPS

,; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - -------- ------- -+ - -

;*PROGAM CALL: M5 PC.S
is THIS SUROUTINE ETLjR AFTER AN4 B-PSED TIME H EXPIRED. ;

CR ATED 13-ALIG-% C.J.C4Tr,

~~~.(;LOg. SECOMD MINUITE, HOLJR, o R~a..K T IIMo ECXL.APSE: SAVREG ; Save registers.

M. NEXT 5 5 ; Minute elapse time.
H.NEXT * 0 ; Hour elapse time

SET POINTERS.

-OW SEONDR1 ; R1 -) Seconds of lost read.
MO: MINTE,R2 ; R2 ) Minutes of last read.
MOV HOUR, R3 ; R3 ) Hour of lost read.
MO 4AGBLUR5 ; R5 -) Fortran argument block pointer.

3+

GET STAT TIME.

ADD #M.NEXT,RZ ; Set minute time to resample.
"MP 1W.,R2 ; Minutes exceed 60 7
HI HRS ; NO - continue.

SUB 0. ,R ; YES- carry minutes into
INC R3 hours.

HRS: ADD ON.tE(T.R3 ; Set hour time to resample.
2 4.,R3 ; Hours exceed 24 7

BHI 198 ; NO - continue.
SUB 24.,R ; YES- carry hours Into
S I4C R4 dayjs. "but not really needed."

18M: PCTIMER Read current time.
*P 018(1),R1 ; Seconds match ?

BE lm ; N.
OP 6(M),R2 ; Minutes match ?
DWE 1l9m MD14.

(P 4(0),R3 Hours match ?
BNE 1998 NO0.

MtV 4,WEOCCR ; Restore ERC interrupts.
RESI;EG ; Restore register*
RTS PC and return.

-4 .4
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I
-- - --- --- -- - --- --- --- ---- -----------------------------

SUBRUT INE CALL: JS C, T ,;

* ATED 1S-JUM-O6 C. J. CETER Query user for D/A calibration. 5;
RE."VISED ;-fNG-G C.J.CEMTER Acquire voltage input from user. S.

25- -6 Remove pulse, init "DAVLT'. 5;

.GLOGL DVOLT, DISTRT, IVOLTS, DAC. M3, DKLG

. .PSECT DATA
IVOLTS: .BLW I ; ADAC v voltage count.
DAVOLT: .BLWJ. 1 ; Voltage in the D/A.
DILG: .DLJ. 1 ; When decreased to 0, voltage is sent to the A/l.
3+
;ENTER.

PSECT PROG
DASTRTt MOY Re,-(SP) ;SAYOREG...

MOV RS, -(SP)
.R D KL ; Initialize )KCA. to zero.

;UERY USER FOR CALIBRTION.

OV OLIMUF, R ; RO -) input string buffer.
1355: .GTLINI RB,*DAC.MI ; Calibration ??

MPB 0R, #'N4 No -
BEG 1609 ; exit.
CPB 4M, *'Y ; YES - continue
E 1355 ; Else ask again.

.+

SET CALIBRATION FLAGS.

CLR DAVOLT ; Int the f/A volt to zero.
INCS DKCAL ; Turn on the calibration flaog (I)K:L).
CLR PLSE ; Init. the pulse flag to zero.
CLR ODCI ; Init. f/A voltage (DA) to zero.
MOV 256.,CITYLG ; f/A input voltage starts at 256. scans.

;.PULSE OR CONSTANT VOLTAGE ?
9-;-

;1408: .GTLIN RG,ODAC.PQ ; Will user input a pulse ?
C OPB R 4'H N ro...

BEG 158; or
CMPB R,#'Y YES ?
B;E 146 ; Assure answer is (Y or N).

; INC PULSE ; Set PULSE f lag on.
5+

; QUERY USER FOR INPUT VOLTAGE.

1596: .PRINT *D:C.M3 ; Query user for ADAC D/A counts.
MTR PCGETOCT ; Translate octal ascii to octal numbers
NOV R3,IVOLTS ; and store here.

I,

SEXIT.
1609 MV (SP)+,PRP ; G..

MoV (SP)+,5 ; and
RTS PC return.

-- V.



PROQ 1 O:.L: JSR PC, DSTOP

;* ATED 06-fJG-M C.J.W4TER Clear the ADAC 1412 D/A registers. *
-- --- -m --- ----:---- --

.GLOL KASTOP
AST(P: 0.R W#DACI ; Clear voltage in D/rA

RTS PC ; and return.

TTITLE INTKIL
S..OB- INTIL

;* PROGRM CL: JSR PC,INTKIL
MAINTAINS UNDESIREABLE INTEPTS DORMIT.

CREATED 11-J.Up C•J•CENTER

INTKIL: MDV 42,o wC+z ; RTLR IF
MaV ERCVEC+2, ERCYEC ; ERC REQ A INTPTS.
* 0R ECC ; RC INTERUPT EML. OFF
RTS PC ;Return.

•TITLE CLKTIM

.LOBL CU(TIM
--- - -- -- --------- low" n - + ;

PRGA;* iCALL: JSR PCCLKTIM *;
START THE EC CLOCK.

; CRATED II-fUG-e6 C.J. CETER
;---------.r---- .. p +

CLKTIM: MOV V,-(SP) ; 3REG.
MOV #ER()CSR, R ; Get ERC clock address.
BISB 2, ORS ; Latch and read ERC
MOV ERCIN,ERQ.Sa , minutes and seconds.
INCB on Latch and read ]RC
MOV ERCIN,ERC'ISB , days and hours.
MOV # ,Q , Restore ERC INT B after time read.
MOV (SP)+,RO , rSG and
RTS PC ; exit.

.TILE INTO4

.QLOUL INTON

*PROGRAM A.L: I K, INTON
INITIALIZE TI SAMPLING INTERRPTS. 5;

* CREATED II-AUG-6 C.J.CE]TER 5;
J --- - - - - -- ---- -- ----- --' - ------ ---

INTOr M R ,-(SP) ; SAREG...
MTPS PR? ; DON'T INTCRPT - TURN ON SF2L- COCK.
MOV KECINT,ERCV[C+4 ; LOAD ERC REG B VECTOR
MOV RCYC+6 ; DON'T INTEPT RC SERVICE ROUTINE

d.



4%.

MOV #4,ERC)CSR ; Start ERC clock interrupts

MOV #CLKVEC,R ; ADDRESS OF SAMPLE CLOC< VECTORS
ay M #v S LE, (R)+ ;GO HERE WNN CLOCK INTERLPTS

M"V PR7, ORO ; CLOCK WILL 1 HIGHEST PRIORITY
MTPS PRO ; Allow interrupt servicing.

a. MOV (SP)+, R ; G.
RTS PC ; eturn.

.QLOBL INTOFT

* PRORAM CALL: JSR PC,INTOFF .
STOP ERC CLOCK INTERRUPTS.

; CREATED 11-AUG-6;

INTOFT: MTPS PR7 ; Raise processor priority.
MOV #RTI,C.KVEC+2 IGNORE SAMPt CLOC
MOV O'LKVEC+2,CLKVEC

SR ERCCSR ; Turn off ERC clock interrupts
MOV 02, ERCEC+6 ; and disable
MOV RC-'0EC+6,E 'RCWC+4 ; RC interrupt.
RTS PC , Return.

.TITLE TYSP

; SUBROUT INE: TY AM

S TYPE THE SAMPL.E RTE THE USER REQUESTED.

SGLOBL TYSFP
TYSAP: MOV RO,-(SP) ; SVG.,.

MOV R1,-(SP)
MOV R2, -(SP)
MOV C.KRAT,R1 ;GET SAMPLE CLOCK FREQ
CLR RO ;MIAKE IT DOUBLE PRECISIO4
MOV 94:lT, R2 ; GET "SAMPLE RATE" COUNTER
MOV RZ, T ;STORE IT THERE
MOV R2, E T+2 ; A THERE
DIV R2, R8 ; DETERMINE REL SFPLE RATE
TST R1 ; REMAINER?

EQ 145 ; BAC IF NO
MOVB #'+,PLUS ;INDICATE THR'S A LITTLE MORE

145: MOV RO,R1 ;S9MPLE RATE
JSR RO,OTOAD ; TO :SCII
WORD ARATE THERE
*PRINT O4tNM ; Message for the sarqile rate.
MOV (SP)+,RZ ; SREG
MOV (SP)+,R1 ; and..
MOV (SP)+,RO
RTS PC return..

-. ,,
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.TITLE TYSCAN'

;* BRLUTINE: TYSCft
;* TYPE THE NMBER OF S0NS IrN.LT BY THE USER. C;

* GLOBL TISCAN
TYSAN: MOV NSCA,R1 ;0 OF DATA SCANS TO ACQUIRE

JSR RO,OTOAD ;CO'NERT TO ASCII
.WORD iTSCA ;THERE
.PRINT SSCAm1 ; Print the number of
.PRINT OTSCANS s car)*.RTS PC

!hhco

!hcol

". TITLE TY A

.GLOB.. TYMA

;* CALL: JSR PC,TYP P;
;* FUC: I. CREATE A CPHffL BIT MAP.

2. TYPE THE CHWL NUBRS BEING SAMPLED.

G (LOBL 0C

TYO'1: MOV CHM1PI,1R ;GET BIT MAP FOR ANALOG CHANNELS TO SAPLE

MOV # O # 1M, R2 ;ADDR OF ASCII STRING FOR CANEL NUMBERS
CLR RI ;CHANNEL 0 FIRST

10*: ROR R0 ;SAMPLING THIS CHANNEL
BCC 125 ;BRANCH IF NO
INC R1 ; Allow channel # to be relative to 1.
JSR RO,OTOAD ;CONVERT CHAN NUMER TO ASCII
.WORD ARTE ;TEMP STORAGE THERE
DEC R1 ; Restore RI to 0 relative.

= MOV 0' , (R2)+ ;MOVE A SPACE TO STRING
MOVE ARTE+4, (R2)+ ;ASCII CHAEL NUMBER TO STRING
MOVB ARTE+5, (R2)

126: INC R1 ; NEX'r CHANEL
CMP RI, NOA ;DONE FOR ALL CHANLS IN A/D?
SBT 105 ;BRANC IF NO

SRB MZ ;TERMINATE STRING WITH A zRo BYTE
,.' .PRINT CHFtMI ; Print the channel map

.PRI NT IO04 ; requested by the user.
RTS PC

.4-

n ' 4
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I- -- - - - - - - - - - - - - --- - - - - -- -------- - -

ja SLUROTIE: GETCOM
• GET A BLO(K OFCOMMETS FROM THEUSER. 5;

,,,' ~ ~ ~ ~ ~ - - - -- - - - -- "= - - - --.-" - - -.'o.ar.

.GO.GETCC*1
GETCOM: SAVREG ; Save registers.

lo t.. .CLER THE BLOCK ...
- ;-

MDV #CW&LF,R1 ; RI - base of comment storage buffer.
MOV RI,R5 ; R5 > base of comment storage buffer.
Q.RB (R5)+ ; Initialize lst byte in buffer to zero.
OV 4M.,R ; 256. words in a block.

ZAP: CLR (RI)+ ; nd clear the block buffers
SOB RS, Z ; contents.

2nd... DOES UER WANT COMENTS ???

MOV 4LIN.% FRO ;POINT TO START OF INPUT STRING
a, 205: .GTLIN Re, 4m rT ;ASK USER IF HE WANTS TO EITER COMMENTS

OPB ON, O'N ;DID HE RESOND NO?
BEQ 30s ; BRANCH IF NO
OMV onDY ;DID HE RSPOD YES?
BrE 20$ ;TRY AGAIN IF HE DIDN'T

3rd ... OBTAIN COIMENTS IF USER DESIRES...

.PRINT CINFO ; Instruct user on entering comunts.
225: MOV OLIUF, R ; RO-> line buffer.

.TLIN R0,43ROMP ; Prompt each comment line with a
245: MOVB (RB)+,(R)+ ; Move comments to buffer byte by byte.

EG Z ;ZERO BYTE MEANS END OF STRING
MOP RS, #CUFEI ;AT ED OF COMMIT BUFFER?

3L0 245 ;BRNC IF NOT AT END
BR 285 ;BUFFER OVERFLOW - B4CH

26$: DEC RB ;POINT TO THE ZRO BYTE
CP R 4LI.F ;FIRST CIHARCTER OF LINE?
EQ 385 ;DONE IF IT IS FIRST
MOV, •15,-1(R5) ;MOVE A CARRIAGE UN OVER THE ZERO BYTE
MOVB 0I2,(R)+ ;THEN A LINE FEED
-OV #C31N,RI ;ADDRSS BUTER'S END
SUB R5,R1 ;DETERMINE 0 BYTES IN BUFFER
OP R1,0120. ;MORE THAN 120 BYTES LEFT IN BUFFER?
BGT M25 ;GET ANOTHER LINE IF SD
3SR RO, OTOAD ;COPERT # BYTES REMAINING TO ASCII
WORD OULEFT ;PUT ASCII THERE

.PRINT #COMDC ;TELL USER HOW fM BYTES HE HAS REMAINING
B 2R ;GO GET NEXT LINE

v M: .PRINT COMOW ;PRINT MESSAGE FOR COMENT BUFFE OVEROW
Q.RB CBFEN ; ED OF COMMNTS AT EID OF BFER

38: R G Restore registers
RTS PC and return.

U'

'U
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C.LL: JR PC,RTHED a.

Wr Wite and assign pointers for the header information in the first block C;

' ;* of the output buffer. a;
,* Inputs: C;
3* OUTBUF: Ptr. to base address of output data buffer. C;

; 3* OUTPTR: Ptr. to current open location in output buffer. (updated *;
3* in this subroutine). 3;

* Q.OBL WT)CWRTRM : MOV Re,-(SP) ; SAVR[G...
10V RI,-(SP)
Pov OUTBUF,R ; Get the base address of the output buffer...
1OV R0,R1 ; Update the output buffer
ADD 051Z.,R1 pointer to the start
1OV R1,OUTPTR ; of the next block.

; BLOO( 01: SAMLE HEADER DEFIIITIOtS.
;-

C].R (R@)+ WORD 1: ZRO.
MOV CL 3: CR CL (O FRQUENCY

GE LT ER TIME. 2,-4, -4,' -,-.-4, , ,-4, -4, ':-4,;-

.PSECT PROG
ASCRET: #SIG ; Restore registereslter.A WORD
BITMAP: SVREG
IS: MO I5, CH

INC R2 ;WE DON'T HAE TO
4S: SOB R4,Z$

ADD 0E, R1 ;REM'AIN R 15 LAST DIGIT
lOVB R1,(RS)+

REGRET: RESREG ; Restore registers...
TST (RO)+ ; Adjust RO for proper return address
RTS Re and RUR VIA R8.

TENS: .WORD 18., 188., 1888., 18 ., 177777

P0

-.
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* SEROUTINE GETOCT *;
3* NOTE: This subroutine receives DP octal numbers from the terminal and C;
3* stores their ascii equivalent in registers RO and R1.
iS REGISTER DEF... a.

R3t Low order OP word or SP word. C;
R: High order VP word or clear. -;

• . - ,- -,, --- --- -- - ---------- ------------ -- ---- " - -- --- -- ,---- •

.GLOQ. GETOCT
GETOCT: MOV Re.-(SP) ;S€AORG ....

NOV R,-(SP)
IOV R4,-(SP)

CR RI ; Clear temporary storage register...
CLR 2 ; Clear VP HI order word.
CLR R3 ; Clear VP LO order word.

186: .TTYIN ; Get the number.
Oi R0,0I 5  ; If no characters entered clear
BEG los ; the CR,
CP R8,012 a and the IF,
BEG DOME a and exit.

SUB 4WR ; Convert ASCII code to decimal number.
LO 120 ; Asure character entered is

CPF R8,0@1 ; in the octal range.
BHIS 12 ; Too high? Ask for another character.

;DP SHIFT....
; Store octal equivalent in P...

R2 - HI order byte., R3 - LO order bUte.

MOV 03,R4 ; 3 shifts..
1105: ASL R2

A R3
ADC 2
Soo R4,1190

AM R0,R3 ; Add current TTY buffer value to LO order
ADC ; and include carry...
BR 181 ; Get next character.

;+
; IMVFLD OCTAL CHARCTE HqNING ....

3-
1286: .TTYIJ ER handling...

CPB ,R*I ; Clear the input data
1E iM ; on the TTYI line.
.PRINT O 4 ; Indicate ERR to user,

CLR R2 Reset DP HI order word
CLR R3 ; and VP LO order word
BR 168 ; and ask for more data....

OIPE NOV (SP),R4 ;RSREG...
NOV (SP)+,R1
PIOV (SP), R ; and..
RTS PC return to calling program.

511
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Created 28-apr-6 c.j.center See note. S;
;, 8;

;* NOTE: This subroutine converts single or double precision data into 5;

;* its ascii equivalent for terminal printout. 5;
* INPUT REGISTERS R3,R2 "QJIRED". ;

R3 ->O order DP or SP. 5;

; R R2 - HI order DP or "CAED;.
R5-> Output ascii address. ;

SGLOBL PLTOCT
FUTOCT: OV Re,-(SP) ; SVREG...

r]V R1,-(SP)
IOV R4,-(SP)
lOVB 42, FLAG ; Initialize DP flag for DP operations....
-RB SLFS ; Int. "0" depress flag.

QUIO PROCESS FOR "SP" CONVERSIONS .....

TST R2 Test for [P....
1 so; and branch for DP conversion...
MOV R3,R ; Else convert LO order only...
DECB D FLAG ; Set DP flag for I word conversion....
BR 65; and process...

; A HI ORDER WORD FOR ASCII CONVERSION ...

50: AS R ; Shift HI word to enable ascii conversion.
BIT M1OMR3 ; M in LO word ??
SEQ 78 ; NO - branch...
INC R2 ; YES - add #1 to HI word..
BIC #i SR3 ; and clear the sign bit.

70$: NOV R2,R ; Input octal character is in R3.

CONVERT FIRST WORD INTO ASCII...

60$: MOV pfVlRI ; RI - Place value.
NOV 4m6,R ; R2 - Max. no. of characters to convert.

NE(T: NOV -1,R4 ; Initialize the digit counter....
COLIiT: INC R4 ; R4 is the digit counter...

sue (R1),R8 Get multiple count...
B41S COL4T ; branch for more...
ADD (R)+,RS ; Restore oversubtracted input..
TSTB SLFRES ; Have e reached first number 7?
BLT WS YES - convert ascii...

NO: Suppress leading zeros for terminal output ...

TSTU R4 5 Test for lot number...
BQ 908 ; If zero then move in a blank..
DECS 9U S ; Else no more zero supress and
SR US ; convert data.

Se: flOyD 0' (R5)+ M obw in blank* till w get lot character.
0e I (T ; Branch for remaining data...

.q.,,j ," " ." - ,,e" " ." • , .. * . . . , - ..- .- '. . .- * . . - . ",



j Conversion after leading zeros....

Bu: AD 46,R4 ; Convert digit counter.
Move R4,(R)+ ; and store for output
909 R2,1tD(T ; Branch for remaining data...

FOR DP OFRTIONS: COWERT LO. ORWOR D INTO ASCII N(...

DIE DPLAG ; Dec. word count flag...
BEG TPE ; and type data alhen done...
MOV R3,RB ; Else convert LO order number...
11V P2,RI ; RI -) Place value (Ignore M63 conversion).

V 05,RZ ; and convert 5 €c i numbers...
BR NEXT ; Branch for next conversion....

STYPE: MPOV (SP)+,R4 ; RESG....
-ov (SP)+,R1
PIov (SP)+,RO

RTS PC

.PSECT DATA
PVl: .WORD 16089, ime, ioe, 100, 18, i

-.. PV2: .WORW 1S0, ISM, 188. 10,1
.EVEND

DPFLAG: .LKE 2
SUPFRES: .8LK]B S
Wl: .ASCIZ - ERR ............ RE-ENTER C TER "(

.TITLE ADO

SEROUXIN: ADO"
;. QUERY LOSER FOR DATA S LING PAMRS. (ajW T, Sw'wT, mOfti, mist)

.GLOBL AD
* PSCT FROG

ADCOMt: 11OV *,-(SP) ; SAV. ...

110%' RZ.,-(SP)% MOV F3, - (SP)

.PRINT OETCLK ; Ask f or number of CHANELS from the user...
JR PC,LGETDC ; Get the data from the keyboard,

11I0,%' aMT and store in NOl4,

* PRINT ~TA ; Ask for number of SAMPLES from the user...
JiR PC, GIDEC Get the data from the keyboard,
NOV R9,SACRT and store in NCt4A.

.PRINT 4GT0M ; Ask for number of 04*4NELS from the user...
JSR PC, GETDC ; Get the data from the keyboard,
11% Re,1o4: ; and store in CH14h.

pLi , " . . ... ....-. .. .
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ALLOW FOR DP NO. WHEN KXNED TAPE IS USED.

.IF EQ TSP
. PRINT O;TSO Ask for a number of SCN from the ue...
JSR PC, GETEC ; translate into machine languoge
QJ , I (S1 and store.

.IF C TH'P
.PRINT OTSH ; Ask for a number of SCAN from the user...
S3R PC,GETOCT ; Get the VP octal ntmober...
MOv R2 ,SC4 a nd store HI order..

lOY R3,SCAK2 ; and LO order.

.OV (SP)+,R3 ; RESRG....
NOV (SP)+,R2i ov (SP)+,R8

RTS PC ; and return...

.IF I )A ; ST XT: TENE MEMORY COIIDITIOPLS.

.TITLE VIRWI1i - I----- -- -- -- - --- --- -- - - - ;

;* SET UP OTPT UFFER AS WINDOW INTO EXTENDED MEMORY. 5;
'Virtual Address: QM - 577 (APRu2 a defined in .WEBK) 5;

;* Phqlsicai Mmor j Start Address: 18 . 5;
; *VilIC F9;:II4G TO HIGIR LOCATIOIS AS DATA ACaOMLATES. 5;

.LOIL VIRIM
VIRWIN: MOV Rl,-(SP) SAVRG...

. CRG *,A,4 ; VVIIDIITE MENED M M iECIOI
BCC is ;ND0 PROBLEMI

*jMP MamO ;X ERR COR

1: MOV )Xt.F4R.GID, WIM.OLk+W.lRID ;ASSOCIATE WIIOW WITH REGION1
..5 # D4 IINOJ ;ORPTEMPW WINDOW TO lt PAT REGION

Dc 21 ; NO ITI%
return.

a.-
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. ;* SUBROUTINE: VT ;
;* WRITE DATA IN VIRTU.AL ME1ORY TO T-- ,R4 COU I
OF WINDCWS LS (MNUS 1)

MOV R4, WNNO4T
MOV R5 ;SET UP OUTPUT

; SET SCAN & ERC STRT TIME IN IUEICR BLOOC.

NOV OUTBULR3 ; R3 -> base address of header block.
TST (R3)+

; WRITE DATA BUFER TO OUTPUT FILE...
3-

MOV BJJM, Ri ; RI -) BLK NO.
MOV OUTBLF, R3 ;R3 -) Base of output buffer.

; Phother complete block to write ??
B.O LTBL ; NO - write out partial block.
DEC WNNT ; Y;--- -_ 7 LAST WINDOW

CMP R3, UTPTR ;L DATA N TO DIS1?
BLO RIGHT B RANCH IF MOR

S'fDE EEC BASRAT ;TIME TO SAMPLE?
BEG D DOSCMP
RTI ;NO -RETURN

DOSAMP: MOV BASRAT+2, T ;YES - ESET COUNTERIND SA1PFL

RTI ;CANNOT ACCESS EXT1DED MEMORY IN INTERRUPT WO.ER

. TITLE ERCINT
;-++--"" -_ :_READ E Rc moo<: AM RE-TURNi

TITLE XEROR

,#%,,. ;,EXTENDED-MEMORY ERROR HAN!DLING. *

)XEROR: MOVD e D,RD .ENDC ; END:
-XTENDEI) MEMORY CONDITIONALS.

. IF HE FSMP ; STRT: FO LtC/WGOIJPO CONDITIONALS.

.TI MOV R,RI ;SAVE IT

.GUAL OCAA, 374 ;GET RT-11 LSER A SIZE
.L S A RI ;ALLOCATE AREA FOR USER

COP RI

." .Q.OIL IIPT

WTDAT: MOV #1,R5 ;SET LP OUTPUT
.9. NOV CUTBUF, R3

q.R R4 ; C4VtfL NJBER

.DC ; END: FOR RJN.IBLtC-R?) 01ITIONr.S.
IF ME R 9 START: I/O DEVICE C)ICITIONALS.

.5
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type d:sxwmup.v22
: hco9

.TITLE XMSMP

.IDNT /V2.2/

* l'ESTON OBSERVATORY a;
DEPT. OF GEOLOGY & GEOPHYSICS;

OGEOPHYSICAL DATA t QUISITION SYSTEM SOFTWARE
4FILE: XSMP.lAC (RTIIX. USE ONLY)

REVISED 24-JAN-% C.J.CENTER Install "XStP" as the module "MSP*P" ;

27-f eb-O c.j.center Rewritten for Preston A/D... (see note) *;
;2-mar-OS c.j.center Increase delay "TIlER to prevent

incomplete scan count.
87-mar-S c.j.center Install 1.8 maec delayj between DATI and 6;

ip ; *IDATO mode for A/D acknowledge of R9O-".;
83-jun-OS Update version 2.1 to version 2.2
2i-jun-06 Install D/ calibrations. 6;

; Note: Program data storage is base on the DRVAR. This register 6;
* ;6 contains the current data output location and is automatically 6;
;6 Incremented with each strobe of data. 6;

• 1 PRINT •I4ITW,.oM:P

INCLUE \GSII. INC\
.INOUDE \GDAS2I.IHC\
.GLOB. DKFLG,IVOLTS

INDLADE \GDAS4I.INC\

SAMPLE PROGRI SPECIFIC DEFINITIOIS...

- 172410 ; DRVIIB hardware base address: 772410
DRVR- BASE ; Word Count Register.
DRV • -:Se4 ; l Bus Address Register.
DRVCSR- BSE+4 ; Control/Status Register.
DRVVC - 124 Interrupt Vector location.
T.100 35. ; liMusec "S00" time delay counter.
T.70 - 29. ; T.78 - (iluusec - "previous Instructions").
T.50 a 17. So usec time.

Misc...
PSECT DATA

WAR: .BYT 'W,29 ; Define sample underf low WARIG character.
TABLE: .WORD 177777 ; Store PRESTON RESET in a DMA table.

.WORD S ; Store PRSTONI RSO-RtN in next location.

START OF S E II4TEFT HNLER...

.PSECT FOG
)@M6ftP: SA:RG Save registers on stack.

; SIGN REGISTER POINTR TO DV11B and SET FIORITY...

P.V UMCR ,RI ; RI -> DRVIIB Word Count Register.
. P10 W * R ,lR2 ; R2 -) DRVII Bus Adress Register.

MOV #DRCSRR3 ; R3 -) DRV1II Control Status Register.

,,
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ESTADFIFO MYuCfRY AND PREAR TO A0LIEDT..

O.R @R1 ; Assure 1.CR is zero (RIY is HI) !
NOV 4-2,01 ; Store number of words to strobe into A/D.
NOV #TABLE,@R2 BA -) start of table.
DIS 06,@R3 ;Set Rt4CT1, FIJICT2 HI.
BIC 04,0Q0 Set F1JICT2 LOW.

* NV OT.l8B,RO Issue 1004+ usec. delay after
SOB R8,. ; last FUICT set.
315 4043, OR3 ;Initiate DMA transfers to the Preston Aoll).

*TST2: TST ORI ,DRW~CR will Increment to zero iidie all
RNE TST2 ; previous values have been strobed in.

D/A CA.IBRATION.

TSTB DK ; Will we calibrate ?
BEGQ s N jumrp to cont Inue.
DEC DI'FLG ;YES -decrement D/A input voltage counter
we Los* and continue till it's voltage time
NOV IVOLTS,(4DAC1 ; Enter 5.8 volts on DACi.

TSTD PLLSE ; Entering a pulse ??
BEG MB NO - then constant voltage...
NOV 0T.50,A ; YES - then sent pulse low
SOB R,. ,after 1W0 usec.
Q..R 0DAC1 ;Clear [PC.

SIT AND WAIT...
W It: 1. 7 msec f or RSO-ARt acknowledge

0.2 maec; for a 16. channel conve*rsion
0.0125 mmcc for extra channel time delay~.

105: NOV 4M ,U R8 Assert a time delay using the
SOB R@,. , SOB instruction (2.8 useci'instr).

4; PRESTOAD -) MERYTRANFER.

NOV NCHAM, R1 ;Load [PRICR with the 2's complement
lEG QR1 N o. of channels to strobe in.
NOV OSJML, R2 ;DMA date to the ample buffer (SAMLVF).
BIC 02 s Set FUJCT1 LO for DATO transfer..
DIS 01 om Start DMA transfer.

FIRST SCAN:: RECOR! DATA ACQLJISITIO4 START TIME....

TST SCANS Is this the first scan ??
WNE OKK 140 - don't acknowledge CRC time.
NOV 4EXO', - ;POINT TO LAST CRC REAOUT
NOV TIPTRDRI -POINfT TO START TIME IN FILE HEADER
NOV UR,QOTIME ;STORE CRC TIM'E OF 'TRIGGE
NOV CM)+, (RI)+

4, NV ON, QOTII'E.2
NOV ON,(RI)+

de J*5;

At>:



STORE SCA HEADE INFORMATION

OKSKP: MO OUT,R5 ;qV DATA -GET OUTPUT BUFTEV POINTER
::::::::::::::::::::::::::version 2.i update.

, MOV #SCA;NID, R4 ; ES OF ST -f OF SCA IND)ICATOR
• MOV (R4)+,(R5)+ ;Store the 3 bute
, OV @R4, (R!5)+ * can header code..
, OIV R5, R4 ;SFNE ADD, bitmap to store no. channels.
, OIV CMHAPI, (R5) + ;Store BITMAP of CKV4NELS IN S044

MOV CHAP, 05
• BIC #I em, (FS) + ;CLEAR OUT ERC CHMML'S BIT
• MDV R5, -(SP) ;SAVE DATA STORAGE START ADRSS

MDV SCANID, (R5)+ ;Store the *can header flag.
CLR (R5)+ ;Clear ERC channel's bit ....
Mov F5,R4 a nd store current ptr. value.

; STORE SAMPLES...

NOV #T.70,R PAlure a 100+ usec. elapse after..
SOB R8,. , DlATO fUNC setting before acessing data.

;~Mo #qM: F, I0 ADDRE'SS OF SAMPFLE BLFrER
eIMS: CNP RO, WR2 Exceeded Preston's current DMA address ???

BHS Lies , M Y -exit...
M (Rg)+, (R5)+ , NO - mowe sixple to output buffer and

B R 1m ge9t next sample...
" 1105: MOV RS,0UTPTR Uipdate OUTPUT BLF POINTIER....

.;+

D :EERINE NO. OF SAMPLES ACQUIRED)....

NOV RRO ;DCURREN OUTPUT RS POINTER

SU (SP)+,R5 ; Stoe P0TeR AT START OF DATAe
SNO R4,R ; minus pointer at start of dat. mo..

NOV R4 ;MAE 1 A WORD t (divide b 2).
NOVB RD,-(R4) ;STOE IT IN SCF44 HEADER
NOP RO, M041 ( Did we get I I the amples ???
BO 1EG ; S t c nt inue
.PRINT *T.?B ND - print mssa e and continue...

NOV SAPLING OM3LTED ; SE

1801: IN C ;SCxceOUNT ScaIS

BES 198 ERFH WENxDiOM
NO (R+ Ot

BR. .. -1. ." . .. " gt e•a..

• ., . 1: .1''. . /. NOV ," JTPT." L4at OUPU DIFF. .'.OINI ,• ..... _ ..



DI) OF WINDOW ???

MP R5,OUTIND ;OVERFLOWED OJTIJT BFFE?.'E
LOS 2 ;BRANCH WHEN UNDER
DEC WNDIX]T ;EOK NUMER OF WINDOW EP INGS
ELE 195 ;NO MORE ALLOWED

;
AT EDD OF WINDOW FILL BUFFER WITH AND5 GET A NEW PAGE...

;-

MOV OUTD,R ; Get end of window pointer and
ADD 064,R ; adjuet It to the "actual" 4k boundary.

215: CMP R5, ; Fill memory locations
PL 221 till we reach the 4k boundary.
CLR (R5)+ ;se a "zero fIll"
DR 21S and branch till we're at the end....

221: ADD #128., WINO .HOFF ;INCREASE ff2PING OFFSET BY 4K
*MP #xAR.A, WINOU ; EI:P WINDOW
BCC 235 ;NO PROLEM
imp -R ;X@ ERROR

231: MOV WIO4W.NBAS, OTPTR ;Create a new pointer...
BR 206 ; and continue sampllng...

D(IT IF AL SC ACQUIRED)...

19$: rEGB TRIGON ;FLAG FOR DO E AND/OR OVRLOW
CLR Ooo

205: RESRG ; Reetore reglsters
RTS R5 and return.
END ......

.1, .D6- • % - - . . - '_-.. - -.- ".' - 2 - " ' ", " ." " % • ' '- .  - " " • " ",% .% % ." "
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TITLE TIME
SGLO . TIMERD, IPOI, IPE

;* FILE: TIMER.MF'C
CALOL: CALL TIMER(ITII'ED s

;* ITIME IS RETURN IN AlN INTEGER FJMY OF DI]04SION 4.
;* * ELEMENTS CONTAIN THE FOLLOWING:
3* ITIME(1): DAY'
;* (2): HOUR S

;* (3): MINUTES ;

;* s Revision 06-aug-81
* THIS IS A MODIFICATION OF A PROGRAM N;VIED GETIME APPEARING *;
; IN THE 8 OCT 80 EDITION OF THE :FGL WAS: A FUNCTIONAL
* SCRIPTION.

Revision c.j.center 05-mer-a6 Renamed .OLOO(.MAC to TIMER.14C *;

•Im.LU/D4I. IC/
* PSECT FROG

TIMER SUBROUTIC.

TIMER: Sp;EG
MOV R5,-(SP) ; Save fortran arguments on the stack.
NOV 4LIST1,R5 ;SETUP FOR SR IPOKE
JSR PC, IPOKE ;SET CSR FOR HOURS + DAYS
.MOV LIST2,R5 ;SETUP FOR SR IPEK
3SR PC, IPEEX ;READ HOLRS + DAYS
PlOY R8,HRDAY ;PUT RESULTS IN BUFFER

'MOV eAIST3,R5 ;SEUP FOR SR IPO(E
.SR PC,IPOKE ;SET CSR FOR SEC + MIh
MOV LIST2, R5 ;SETUP FOR SR IPEEK
3SR PC,IF( ;READ SEC + MIN
MOV ROSECOIN ;PUT RESLTS IN BUFFER
.,MO, LIST4,R5 ;SETUP FOR IPOKE
:3 PC, IPOIC
MOV 4IRDAY, R4 ;PM OF TIME BUFFE]R

M0V (SP)+,R5 ;RESTORE R5
TST (RS)+ ;R5 NOW - START OF ARG LIST
MOV 00, R5 ;AORS OF AlRRRY OF RTURKM TIMEMOY #TP0 IE,R1

2S: MOVD (R4)+,-(SP) ;GET WORD OF RAW TIME
MOVB (R4)+,1(sp)
MOV (SP)+,R3

36: CLR R2 ;axm HIGH SHIFT REGISTER
MOV1 (R1)+,B SHIFT COUNT
ASHC RO,R ;SHIFT BITS FOR THIS COUNT INTO Fe

4
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NOV R2,-(SP) ;SAV ON STACK
MP o lPD10. ;MAKE SURE NO STUCK BITS
BLT 335
s~m ote.,gw

335: TSTB ERI ;MOR DIGITS IN THIS TIME UIIT?
BGT 3S ;YES, THEN BR"

,OVB (Rl)+,R2 ;MX POWER OF TEN N'EEDED (NEGATED)
MOV (SP)+, (RB)+ ;STORE LEAST SIGiIFICAN'T DIGIT
MOV R3, (R)+ ;STORE REMINED OF TIME WORD

45: NOV (SP)+,R3 ;NEXT SIGNIFICANT BIT
MUL (R)+,R3 ;TIMES TENS POWER
ADD R3,SUt ;ADD TO SLM
INC R2 ;DONE ALL DIGITS FOR THIS UNIT?
rNE 4S ;NO, THEN BRANCH BA
MOV SLIM, (RS)+ ;RTLURN L4I1T TO AY
MOV SUMj+2,R3 ;GET RMINDER OF TIME WORD
TSTB RI ;DOlE WITH THIS WORD?
BGT 3 ;NO, THEN BRANC
TSTB (R1)+ ;DOE BOTH INPUT WORDS OF TIME?
B: T 2 ;NO, THEN BRAN

5s. RESREG

RTS PC ;YES, THEN RETUR
;+
DATA DETINITOIN.

.PSECT DATA
SUM: .BLKW 2
TENS: .WORD 10.,100.
TABLE: .BYTE 2,4,4,-2,2,4,-1,-7,4,4,-1,4,4,-1,0

HRDAY: .B.K ;HOURS AM DAYS BUFER
SECMIN: .BLKW ;SECONDS APO MINUTES BUFER
ALISTI: .WORD 2,ERCS,THRE

ERCSR: .WORD 167770 ;ADRS OF ERC CONTROL STATUS REG
THREE: .WORD 3 ;MASK FOR RADING HR +D
ALISTZ: .WORD 1,ERCOUT
ERCOUT: WORD 167774 ;ADRS OF ERC OUTPUT REG
ALIST3: . WOO 2, ERCSR, TWO
TWO: .WORD 2
ALIST4: .WORD 2,ERCSR, ZERO

ZEO: ,WORD 0
.END ;TIMER
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